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Abstract
© The Author 2018. Published by Oxford University Press on behalf of The Royal Astronomical
Society.  The classical  limit  on  the  accretion  luminosity  of  a  neutron star  is  given by  the
Eddington  luminosity.  The  advanced  models  of  accretion  on  to  magnetized  neutron  stars
account for the appearance of magnetically confined accretion columns and allow the accretion
luminosity to be higher than the Eddington value by a factor of tens. However, the recent
discovery of pulsations from ultraluminous X-ray source (ULX) in NGC 5907 demonstrates that
the accretion luminosity can exceed the Eddington value up to by a factor of 500. We propose a
model  explaining  observational  properties  of  ULX-1  in  NGC  5907  without  any  ad  hoc
assumptions. We show that the accretion column at extreme luminosity becomes advective.
Enormous energy release within a small geometrical volume and advection result in very high
temperatures at the bottom of accretion column, which demand to account for the energy
losses due to neutrino emission which can be even more effective than the radiation energy
losses. We show that the total luminosity at the mass accretion rates above 1021 g s-1 is
dominated by the neutrino emission similarly to the case of core-collapse supernovae. We argue
that the accretion rate measurements based on detected photon luminosity in case of bright
ULXs powered by neutron stars can be largely underestimated due to intense neutrino emission.
The recently discovered pulsating ULX-1 in galaxy NGC 5907 with photon luminosity of ~1041
erg s-1 is expected to be even brighter in neutrinos and is thus the first known Neutrino Pulsar.
http://dx.doi.org/10.1093/mnras/sty379
Keywords
Accretion, Accretion discs, Binaries, Neutrinos, Neutron, Relativistic processes, Stars, X-rays
References
[1] Bachetti M. et al., 2014, Nature, 514, 202
[2] Basko M. M., Sunyaev R. A., 1976, MNRAS, 175, 395
[3] Beaudet G., Petrosian V., Salpeter E. E., 1967, ApJ, 150, 979
[4] Beloborodov A. M., 1998, MNRAS, 297, 739
[5] Bildsten L., Brown E. F., 1997, ApJ, 477, 897
[6] Chashkina A., Abolmasov P., Poutanen J., 2017, MNRAS, 470, 2799
[7] Colbert E. J. M., Mushotzky R. F., 1999, ApJ, 519, 89
[8] Dall'Osso S., Perna R., Stella L., 2015, MNRAS, 449, 2144
[9] Ekşi K. Y., AndaçI. C., ç Ikintoglu S., Gençali A. A., Güngor C., Öztekin F., 2015, MNRAS, 448, L40
[10] Furst F. et al., 2016, ApJ, 831, L14
[11] Furst F. et al., 2017, ApJ, 834, 77
[12] Harding A. K., Lai D., 2006, Rep. Progress Phys., 69, 2631
[13] Herold H., 1979, Phys. Rev. D, 19, 2868
[14] Illarionov A. F., Sunyaev R. A., 1975, A&A, 39, 185
[15] Israel G. L. et al., 2017a, Science, 355, 817
[16] Israel G. L. et al., 2017b, MNRAS, 466, L48
[17] Kaminker A. D., Gnedin O. Y., Yakovlev D. G., Amsterdamski P., Haensel P., 1992, Phys. Rev. D, 46, 4133
[18] Kaminker A. D., Gnedin O. Y., Yakovlev D. G., Amsterdamski P., Haensel P., 1994, Astron. Astrophys. Trans., 4,
283
[19] King A., Lasota J.-P., Klúzniak W., 2017, MNRAS, 468, L59
[20] Lipunov V. M., 1982, Sov. Astron., 26, 54
[21] Lyubarskii Y. E., Syunyaev R. A., 1988, Sov. Astron., 14, L390
[22] Mineo S., Gilfanov M., Sunyaev R., 2012, MNRAS, 419, 2095
[23] Misiaszek M., Odrzywolek A., Kutschera M., 2006, Phys. Rev. D, 74, 043006
[24] Mushtukov A. A., Suleimanov V. F., Tsygankov S. S., Poutanen J., 2015a, MNRAS, 454, 2539
[25] Mushtukov A. A., Suleimanov V. F., Tsygankov S. S., Poutanen J., 2015b, MNRAS, 447, 1847
[26] Mushtukov A. A., Nagirner D. I., Poutanen J., 2016, Phys. Rev. D, 93, 105003
[27] Mushtukov A. A., Suleimanov V. F., Tsygankov S. S., Ingram A., 2017, MNRAS, 467, 1202
[28] Parfrey K., Spitkovsky A., Beloborodov A. M., 2016, ApJ, 822, 33
[29] Poutanen J., Lipunova G., Fabrika S., Butkevich A. G., Abolmasov P., 2007, MNRAS, 377, 1187
[30] Poutanen J., Fabrika S., Valeev A. F., Sholukhova O., Greiner J., 2013, MNRAS, 432, 506
[31] Rumyantsev D. A., Chistyakov M. V., 2008, J. Exper. Theor. Phys., 107, 533
[32] Tsygankov S. S., Lutovinov A. A., Doroshenko V., Mushtukov A. A., Suleimanov V., Poutanen J., 2016a, A&A,
593, A16
[33] Tsygankov S. S., Mushtukov A. A., Suleimanov V. F., Poutanen J., 2016b, MNRAS, 457, 1101
[34] Wang Y.-M., Frank J., 1981, A&A, 93, 255
[35] Yakovlev D. G., 1984, Ap&SS, 98, 37
[36] Zeldovich I. B., Novikov I. D., 1975, Structure and Evolution of the Universe. Nauka, Moscow
